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[57] ABSTRACT 

A system for computing and displaying prompt and 
delayed effects of nuclear explosions with respect to a 
geographical area. The display is based on various 
input parameters concerning the initial conditions 
under which an explosive is detonated. The display is 
a superposition of prompt effects, viz., blast, thermal 
effects, etc., represented by concentric circles; fallout, 
represented by a time varying growing and variegated 
mosaic pattern; and a map whose scale is controllable 
upon command, this being accomplished by three 
separate images simultaneously projected on a screen 
from three separate sources. A computer controls the 
display and makes changes on it, utilizing relationships 
which characterize nuclear effects as functions of 
time. The apparatus is useful for understanding, 
analyzing, demonstrating and predicting the effects of 
nuclear weapons. 

7 Claims, 45 Drawing Figures 
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GRAPHICS DISPLAY SYSTEM 
RELATED APPLICATION 

This application is a continuation-in-part of applica¬ 
tion Ser. No. 816,349, GRAPHICS DISPLAY SYS¬ 
TEM, filed Apr. 15, 1969, in the name of the inventor, 
Carl W. Berndt, now abandoned. 

BACKGROUND OF THE INVENTION 

The invention described herein was made in the 
course of, or under Contract No. W-7405-ENG-48, 
with the United States Atomic Energy Commission. 

The invention relates to automated display systems, 
particularly to a system for displaying effects of nuclear 
explosions, and more particularly to a system for com¬ 
puting and displaying prompt and delayed effects of nu¬ 
clear explosions with respect to a geographical area. 

The event of a nuclear detonation is characterized by 
certain destructive effects, the accurate assessment and 
prediction of which is the key to intelligent use and pru¬ 
dent counter measures. The total destructive result is 
generally a combination of primary and secondary ef¬ 
fects, the three primary “effects” being direct radia¬ 
tion, blast and thermal; while the secondary “effect” is 
radioactive fallout. In the order of their incidence at 
any location, the first of these primary “effects” is radi¬ 
ation emitted directly as a result of the explosion, such 
radiation being electromagnetic, e.g., gamma rays, and 
particle; e.g., neutron flux. The secondary primary “ef¬ 
fect,” blast, is characterized by a shockwave and a gen¬ 
eral increase in the atmospheric pressure surrounding 
the detonated device, both spreading spherically from 
the point of detonation. The third primary “effect,” 
thermal flux, is propagated through the surrounding at¬ 
mosphere, and consisting of intense longwave radiation 
and extremely high temperature gases. The secondary 
“effect,” radioactive fallout, consists of radioactive 
materials produced in the device itself, as well as by ir¬ 
radiation of natural materials at the detonation site. 
The magnitude of each of these “effects,” both primary 
and secondary, is essentially determined by the type 
and nature of the nuclear device, and by the environ¬ 
mental conditions at the time and place of detonation, 
and in the case of fallout, the atmospheric conditions 
subsequent to the detonation. The primary “effects” 
generally exhibit characteristic propagation patterns 
which may be predetermined and organized into useful 
relationships, while the secondary “effect” is more vol¬ 
atile, strongly depending on meteorological conditions, 
such as wind direction, etc. Thus, the geographical lo¬ 
cation at which the “effects” occur will produce varia¬ 
tions in the total destructive result of the nuclear deto¬ 
nation. 

The specific parameters upon which the magnitude 
of the “effects” at any point depends are, first, those 
which are device-related. The most useful quality is the 
yield of the device which is generally given in terms of 
an equivalent weight of chemical explosive TNT. Also, 
the type of nuclear device, e.g., fission or fusion, is a 
significant characteristic. A third factor concerns the 
height above ground at which the device is detonated. 
For example, the propagation of direct radiation is 
sharply attenuated for devices detonated close to the 
earth’s surface, as compared to deployment at an alti¬ 
tude of several hundred feet. Other influential factors 
include environmental conditions, such as air density, 
visibility, wind direction and wind velocity, which af- 
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feet the propagation of the “effects” through the inter¬ 
vening atmosphere; radiation shielding factors, which 
measure the susceptibility of particular targets to radia¬ 
tion; and vulnerability factors which indicate the rela- 
5 tive immunity of certain targets to blast pressures. 

Through empirical and analytical studies, the art has 
developed functional relationships which allow for cal¬ 
culation of a magnitude for each of the above primary 
“effects” at any desired point distal a detonated device. 
10 Commonly, these primary “effects” are derived by cal¬ 
culating each individual “effect” as a function of 
ground range for series of incremental values of the 
data parameters and placed in tabular form as a refer¬ 
ence source. The employment of these reference tables 
15 is unsatisfactory where a rapid assessment of the over¬ 
all “effects” and the geographical distribution thereof 
is required. Furthermore, the possibility of tracking 
some of the “effects,” particularly radioactive fallout, 
become improbable because the unfolding of these “ef- 
20 fects” requires laborious computations beyond the 
skills and knowledge of the layman, and too time con¬ 
suming for the expert. 

A system for automatically calculating solutions to a 
plurality of functions for the primary or prompt “ef- 
25 fects” of a nuclear detonation, and graphically display¬ 
ing these solutions simultaneously on a common back¬ 
ground chart is disclosed and claimed in U.S. Pat. No. 
3,558,865, issued Jan. 26, 1971, entitled, “Weapons 
Effect Display System,” assigned to the same assignee 
30 and with the inventor of the present application being 
a coinventor in this previous patent. However, this 
prior system does not provide for computing and dis¬ 
playing the delayed or secondary “effect,” radioactive 

fallout. 

35 

SUMMARY OF THE INVENTION 

With the advent of computer graphics, it is now pos¬ 
sible to track some of the complicated effects which 
might occur after the detonation of a nuclear explosive. 
40 The computer graphics display of the present invention 
instantaneously computes and shows the “effects,” 
both primary and secondary, in meaningful, graphical 
representation for use by researcher and layman, par¬ 
ticularly military and civil defense personnel in under- 
45 standing, analyzing, demonstrating and predicting the 
effects of nuclear weapons. The system provides a su¬ 
perposition of prompt or primary “effects,” i.e., direct 
radiation, blast and thermal, represented by concentric 
circles; secondary “effect,” i.e., fallout, represented by 
a time varying growing and variegated moasic pattern; 
and a map or a geographical area whose scale is con¬ 
trollable upon command, and includes a computer 
which controls the display and makes changes on it, uti- 
55 lizing relationships which characterize nuclear effects 
as functions of time. 

The present invention differs from the above refer¬ 
enced patent in the utilization or modification of a digi¬ 
tal computer, disk memory, logic interface, control 
6Q panel, numerical readouts, and a CRT for displaying 
the fallout pattern. The primary difference in the pres¬ 
ent invention and the above mentioned patent being 
the present use of a compact, programmable digital 
computer which displays fallout as a function of time, 
65 together with the prompt “effects” and the map, while 
in the prior patent only the prompt “effects” and map 
were displayed and controlled by a non-programmable 
analog computer. Thus, the present invention provides 
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a considerably modified and improved system over that 
disclosed in said prior patent. 

Therefore, it is an object of the invention to provide 
a system for computing and displaying prompt and de¬ 
layed effects of nuclear explosions with respect to a 
geographical area. 

A further object of the invention is to provide a 
graphic display system which provides a time-varying 
display of fallout, as well as prompt effects superim¬ 
posed upon a map, while minimizing the time interval 
between feeding the input parameters into the system 
and the appearance of the display. 

Another object of the invention is to provide a system 
for computing and displaying nuclear weapons effects 
both primary and secondary, to enable more accurate 
assessment and prediction of the destructive effects of 
a nuclear detonation. 

Other objects of the invention will become readily 
apparent from the following description and accompa¬ 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block schematic of the inventive comput¬ 
ing and display system; 

FIG. 2 is a view of a “keyhole” fallout pattern pro- 25 
duced by the FIG. I system; 1 

FIG. 3 is a view of a typical fallout pattern at a time 
period after detonation as produced by the FIG 1 sys¬ 
tem; } 
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ical display; 

FIG. 5 is a functional block diagram of the prompt 
effects circle logic; 

FIG. 6 is a functional block diagram of the fallout dis¬ 
play system control logic. 

FIG. 7 is a functional block diagram of the Read Only 
Memory of FIG. 5. 

FIG. 8A-8B is a diagram showing the layout of the 
core memory of the digital computer of FIG. 1 for the 
Fallout System. 

FIG. 9 is a diagram showing the core layout of the 
digital computer of FIG. 1 for fallout load functions. 
FIG. 10 is a flowchart for a programming sequence. 
FIG. 11A-11B is a continuation of the flowchart of 
FIG. 10. 

FIG. 12A-12B is a flowchart for a programming se¬ 
quence. 

FIG. 13A-13B is a continuation of the flowchart of 
FIG. 12. 

FIG. 14A-14B is a continuation of the flowchart of 
FIG. 13. 

FIG. 15A-15B is a flowchart for a programming se¬ 
quence. 

FIG. 16 is a flowchart for a programming sequence. 
FIG. 17 is a continuation of the flowchart of FIG. 16. 
FIG. 18A-18B is a flowchart for a programming se¬ 
quence. 

FIG. 19A-19B is a continuation of the flowchart of 

FIG. 18. 

FIG. 20A-20B is a continuation of the flowchart of 

FIG. 19. 

FIG. 21A-21B is a flowchart for a programming se¬ 
quence. 

FIG. 22A-22B is a continuation of the flowchart of 
FIG. 21. 

FIG. 23A-23B is a flowchart for a programming se¬ 
quence. 


^a' S 3 flowchart for a programming sequence. 
rlG. 25A-25B is a flowchart for a programming se¬ 
quence. 

FIG. 26A-26B is a continuation of the flowchart of 
FIG. 25. 

FIG. 27A-27B is a continuation of the flowchart of 
FIG. 26. 

FIG. 28A-28B is a flowchart for a programming se¬ 
quence. 

FIG. 29 is a continuation of the flowchart of FIG. 28. 

DESCRIPTION OF THE INVENTION 

Large computer facilities and extensive programs for 
handling fallout problems are available in the prior art. 
However, the inventive system described hereinafter 
and the logic design and software package for driving 
the system components, is aimed at minimizing turn¬ 
around time, i.e., the time interval between feeding the 
input parameters into the system and the appearance of 
20 the display. 

In functional terms, a specific feature of the software 
designed for the inventive system is the easy access to 
the fallout program. This is provided by an interface 
logic capable of furnishing a display of fallout as it ap¬ 
pears over an area (1) after a desired period of time, 
or (2) as a repetitive time-varying display of the ex¬ 
panding fallout pattern under the influence of condi¬ 
tions existing at the time of detonation. In the latter 
mode, the logic is also accessible to the operator during 

the course of a 4 j:.: _ 1 • 
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vided for adding data which will change the output to 
also reflect the influence of time-varying parameters In 
the display projected onto the screen, this feature al- 
lows the prediction and portrayal of the nature of fall¬ 
out patterns produced by changing meteorological con¬ 
ditions. This is important, since wind conditions, for ex¬ 
ample, cannot be assumed to remain constant through¬ 
out the course of the relatively long term fallout expan¬ 
sion and precipitation process after detonation. 

In addition, the inventive system provides two modes 
of operation, termed Function A and Function B. The 
former mode is for comparing the hereinafter de¬ 
scribed system to an existing military system for rough 
fallout prediction. The latter mode is a more general 
and accurate display of the present system computer 
output. Both modes A and B can be simultaneously dis¬ 
played for evaluation upon proper actuation of the 
input controls, if desired. 

Prior to the description of the FIG. 1 system, the in¬ 
ventive system utilizes three separate images simulta¬ 
neously projected on a screen from three separate 
sources, each of which is described in turn hereinbe- 
low. 

The first or upper image, as illustrated, is that of a 
map or aerial photograph projected from a slide projec¬ 
tor or other projection apparatus. The image arrives at 
the screen through a system of mirrors if direct projec- 
tion is not possible. The projector may vary the scale 
of the image upon receipt of an appropriate signal at 
the command of the operator. The maps or aerial pho¬ 
tographs may be of various sections of the country or 
other areas of interest to the military, civil defense or 
others. 

The second or middle image, as shown, is derived 
from a projection cathode ray tube (CRT), an output 
medium for a digital computer of the disclosed system. 
The computer receives analog inputs from the operator 
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who defines the initial conditions under which a nu- Prompt Effects Input Panel 91 contains input controls 

clear explosive is detonated. A simple analog input for varying inputs relating to yield 105, range 106, 

means such as dials will initially set the aforementioned H.O.B. (height of burst) 107, and blast pressure 108. 

conditions, while a “joystick” serves to identify areas Fallout system control switches include Start 104a, 

of interest on the map. All of the input functions are 5 Halt 1046, and Resume 104c, and indicators Map Pwr 
linked to the digital computer through interface logic. 110a, Display/Hi volt 1106, and Computer Pwr 110c on 

Since the computer utilized in the embodiment illus- the Fallout Input and Computer Controls Panel 93. 

trated has only a 1K memory for compactness, an auxil- There are 20 independently selectable wind bands 119 

iary memory with associated control logic is connected with direction and speed data for each, each located at 

thereto. Instructions for the computer comprise in- 10 selectable altitudes 118 on the Fallout Readouts and 
structions for computing fallout cloud size, taking into Wind Data Panel 94. A numerical readout 11, in the 

account the initial conditions mentioned previously, actual embodiment, located on the Fallout Readout 

dividing the cloud into multiple layers, computing the and Wind Data Panel 94 for ease of viewing, illustrates 

effects of meteorological conditions thereon, and ac- the time since initial blast for simulated 30 minute peri- 

counting for many different particle sizes and settling 15 ods 117, radiation in Rads/Hr 124, Total Radiation 
rates whose radiative fallout contributions are summed 125, and radiation level scale by showing various 

into a dose. The dose constitutes output data for super- shades of gray 116. The numerical readout 11 contin- 

position over affected areas on the map. Dose levels are ues on the Prompt Effects Readout Panel 92 showing 

represented by various shades of gray in a variegated actual blast pressure 130, an error indicator panel 131 

mosaic pattern projected by the CRT. An operator can 20 which determines if an incorrect input was supplied by 
manipulate the “joystick” so that dose rates and total the operator, indication of type of weapon 132, 

dose at particular points of interest can be identified on whether surface or air burst 133, and thermal heat flux 

the screen. The computer will automatically give a nu- 134. While the above description of the elements of the 

merical total dose and dose rate reading at the points control panel 10 and numerical readout 11 has been 

of interest identified by the operator. 25 rather extensive, it indicates the complexity of the in- 

The third image is projected from a circle generator ventive system and the type of information which can 

which presents prompt effects, such as radiation, blast be fed thereinto or received therefrom, and the de- 

and thermal effects, in terms of circles of changeable scription is not intended to be inclusive, nor is it in- 

diameter. The circle generator, for example, may be of tended to limit the type of information which can be in- 

the type described in the above referenced U.S. Pat. 30 corporated or provided by this novel system to that 
with the exception that in the presently described sys- above described. A full and complete description is in 

tem, the generator is controlled by a programmable U.S. Atomic Energy Commission technical report No. 

digital computer instead of the non-programmable ana- UCRL-50892, Weapons Effect Display System (WEDS 

log computer used in the prior application. MOD II), Volumes 1-6, Livermore, Calif. 94550, 

Accordingly, the composite output display appearing 35 1970-1971. The report is available from National 
on the screen includes a map with prompt effects and Technical Information Service, U. S. Department of 
fallout displays superimposed thereon. The display on Commerce, 5285 Port Royal Road, Springfield, Va. 
the screen changes as time dependent characteristics of 22151. 

the explosive become manifest in the equations solved As shown in FIG. 1, the control panel 10 has four pri- 
by the digital computer, and as new data is entered into 40 mary outputs to other portions of the system, these 
the system. being indicated at 12, 13, 14 and 15. Output 12 from 

Referring now to the drawings, the inventive system control panel 10 is fed into a circle logic circuit 16 
is shown primarily in block diagram in FIG. 1 for pur- which is connected as indicated by lead 17 to a circle 

poses of simplicity, the individual components thereof generator 18 which via a mirror 19 displays on a screen 

being set forth thereinafter in such a manner as to gen- 45 20 as circles indicated at 21 the prompt effects indi- 
erally describe an embodiment of the system utilized to cated at 22. The circle logic circuit is also connected 
produce the fallout patterns of FIGS. 2 and 3. to direct signals, indicated by lead 23, to and receive 

The system is controlled by a control panel 10 shown signals, indicated by lead 24, from a digital computer 

diagrammatically in FIG. 1 and in more detail in FIG. 25. Control panel output 13 is directed to a control 

4 which comprises the Map Display Input Panel 90, the 5U logic circuit 26 the output of which, indicated at 27 is 
Prompt Effects Input Panel 91, the Prompt Effects fed to computer 25. Control panel outputs 14 and 15 

Readout Panel 92, Fallout Input and Computer Con- introduces input data to an interface logic circuit 28 for 

trols Panel 93, and the Fallout Readouts and Wind the calculation and display of two different patterns or 

Data Panel 94. The Map Display Screen 95 appears in- modes indicated as Function A at 29 and Function B 

termediate the Prompt Effects Readouts Panel 92 and 33 at 30, each having outputs respectively indicated at 31 
the Fallout Readouts and Wind Data Panel 94. Upon and 32 which are fed into the interface logic circuit 28, 

the Map Display Control Panel 90 are located the three and separately directed therefrom into computer 25 as 

positioning control levers or joysticks, one for the map indicated by leads 33 and 34. The Function A mode 

(Map Position) 101, one for the prompt effect circles compares the fallout prediction of an existing military 

(GZ — Circles) 102, and one for an interrogator light pattern with the prediction pattern of the present sys- 

or indicator of a point of interest (GZ — NR) 103 tem; while the Function B mode provides an accurate 

where GZ means ground zero and NR means numerical and more general display of the computer output. For 

points; the radiation level selector in rads or kilorads example, the military prediction pattern described in 

111; map scale 112, focus 114 and light intensity 113; Manual TM 3-210 (1962), “Fallout Prediction,” De- 

the display selector 115 for ground zero; Mode I, Mode partment of the Army, Washington, D.C., while the 

II selector switch 120, Multiweapons selector switch present prediction pattern has irregular contours as de- 

121, and Prompt/Fallout selector switch 122. The termined by wind, gravity, and the pertinent physical 




characteristics of the detonations. FIG. 2, described in 
greater detail hereinafter, illustrates the Function A 
mode wherein a “Keyhole” fallout pattern results from 
the superimposition of the military prediction pattern 
on the prediction pattern of the present system. Note 
that while the military prediction pattern is a fixed reg¬ 
ularly shaped pattern, the pattern illustrated by the 
present system is irregularly shaped to more accurately 
illustrate the characteristics of the detonation. FIG. 3 
illustrates the Function B mode wherein a typical fall¬ 
out pattern of the present system is shown at 9 hours 
after detonation, the circular patterns being a result of 
the geometry selected for the initial cloud configura¬ 
tion. The fallout patterns illustration in FIGS. 2 and 3 
are projected on screen 20 via an output, indicated at 
35 from computer 25 to a projection cathode ray tube 
(CRT) 36, the fallout pattern, indicated at 37, is pro¬ 
jected from the CRT 36 via a mirror 38 to provide the 
fallout portion of an image 39 on screen 20. A disk 
memory 40 is connected to receive from and feed to 
computer 25 information as indicated by leads 41 and 
42. Since the computer 25 utilized in the illustrated sys¬ 
tem has only a memory of, for example 1-4K, for com¬ 
pactness, the remote memory 40, which for example is 
10K, enables the small computer 25 to operate the en¬ 
tire system. The numerical readout 11, as described 
above, is connected to receive information from com¬ 
puter 25 as indicated by line 43. A map-background 
projector 44 receives image-scale data, indicated at 45, 
from computer 25, the inputs therefor having been fed 
to computer 25 from control panel 10 via the control 
logic 26. The thus selected map, background indicated 
at 46, is projected from projector 44 via a mirror 47 to 
complete the image 39 on screen 20. Thus, screen 20 
simultaneously displays the map background 46, the 
fallout pattern 37, and the prompt effects 22, thereby 
providing a unique image of a predicted nuclear deto¬ 
nation which image can be readily changed to illustrate 
the delayed effects of nuclear explosions with respect 
to a geographical area. If projection of the map back¬ 
ground, fallout pattern and prompt effects can be made 
directly on screen 20, the mirrors 19, 38 and 47 can be 
eliminated. 

With the inventive system, as presently constructed, 
the fallout pattern can be followed for a simulated time 
period as long as 48 hours. An updated pattern is pro¬ 
vided on the screen for each half hour period, and the 
real-time interval between consecutive patterns is ad¬ 
justable from two seconds to tens of minutes. Alterna¬ 
tively, one can scan through a succession of patterns to 
reach the desired one. As the pattern develops, the op¬ 
erator can interrogate the system for more precise in¬ 
formation. An interrogrator 48, such as a blinking light, 
can be placed at any point of interest on the image 39 
displayed on screen 20, and an immediate readout of 
the dose rate and the total accumulated dose at that 
point can be obtained from the numerical readout 11. 
The interrogator 48 can be moved to any point on 
screen 20 as indicated by the travel line 48'. 

FIG. 2 illustrates the military prediction pattern su¬ 
perimposed over the actual fallout pattern produced by 
the inventive system, this pattern being indicated at 49 
on the screen 20 of FIG. 1. As widely known, the mili¬ 
tary pattern is composed of two sections, Zones I and 
II with ground zero (GZ) located at the tip or point of 
Zone I; the pattern also being provided with three times 
reference lines indicated on FIG. 2 as 1 hr., 2 hr. and 


3 hr. lines from ground zero. The Zones I and II are es¬ 
tablished such that a person located in Zone II will re¬ 
ceive a dosage of less than 100 Rads in 6 hours while 
the dosage in Zone II is greater. Note that the actual 
5 fallout pattern as shown in FIG. 2 illustrates three dif¬ 
ferent levels of radiation intensity within the frame of 
the military prediction pattern thereby providing a 
more accurate assessment of the dosage intensity of the 
fallout, the largest or heaviest being, of course, adja- 
10 cent ground zero. 

Input coefficients and variables in the illustrated sys¬ 
tem as pointed out above include height of burst, yield, 
decay coefficient, fission-to-fusion ratio, map scale, 
wind velocity and direction, activation products, etc. 
15 To simulate real conditions, wind velocity and direc¬ 
tion can be changed while the problem is being run. 
Other inputs also can be varied. For example, the distri¬ 
bution of activity versus the size of the particles in the 
debris can be changed in order to experiment with the 
20 effect of soil characteristics. Alternatively, the operator 
need only turn a selector switch to call up any of seven 
preset activity-distribution curves stored in the memory 
(e.g., the Glasstone curve or those of Nevada Tuff, 
coral, etc.). Also, the fallout pattern projected on the 
25 screen has three levels of light intensity as illustrated in 
FIG. 3. The radiation level associated with each inten¬ 
sity can be varied. In the early stages of fallout, levels 
such as 1,000, 3,000 and 10,000 rads may be appropri¬ 
ate; as decay proceeds, the levels can be lowered to, say 
30 0.5, 1, and 3 rads. 

Considering now in more detail the circle logic cir¬ 
cuit 16 shown functionally in FIG. 1, FIG. 5 illustrates 
the major components of the circle logic circuit com¬ 
prising the input data interface 201 which transfers the 
data from the Prompt Effects Input Panel 91 switch po¬ 
sitions, the Map Display Input Panel 90 switch position, 
and Read Only Memory (ROM) 96 via lines 12a, 12fe, 
and 223 respectively. The Read Only Memory (ROM) 
96 is the auxiliary memory linked to the digital com¬ 
puter 25. Input data interface 201 in turn transfers the 
data on line 224 to the interface controller 202 where 
the data is decoded by conventional digital techniques 
into and out of the Digital Computer 25 via line 23. 
Control signals emanating from the computer via line 
24 to the interface controller 202 are shuttled to the 
output data interface 203 and from there to the Circle 
Generator 18 via line 17. The decimal point encoders 
of the input data interface 201, the binary coded deci¬ 
mal to decimal decoders of the output data interface 
203, and the register address selection circuits and ad¬ 
dress select timing logic of the interface controller 202 
are all of the skill of the art design with conventional 
digital components — see for example, Vol. 4, Part 2 
of the above referenced USAEC technical report No. 
UCRL-50892, in particular FIG. 17 on page 29 which 
is similar to FIG. 5 of this patent. The Prompt Effects 
Readout Panel 92 receives data from the output data 
interface 203 via line 228. The Read Only Memory 
(ROM) 96 is a removable module containing logic cir¬ 
cuitry that is hard wired to produce unspecified cons¬ 
tants necessary for weapons or weapon types other 
than those described in Glasstone’s The Effect of Nu¬ 
clear Weapons, USAEC, Wash., D.C., 1962, Rev. Ed. 
1964. The equations and constants from Glasstone are 
unclassified. The unspecified constants stored in the 
ROM will usually be classified but all will be protected 
as classified. The ROM is of conventional design and is 
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described in Vol. 3 of the referenced USAEC technical modulation on the data outputted from two of the dis- 

report No. UCRL-50892, particular reference being play fields as well as the horizontal and vertical syn- 

made to FIG. 4 on page 4 which is identical to FIG. 7 chronizing signals from the magnetic disc controller 

of this patent. 305. 

The control logic 26 shown functionally in FIG. 1 is 5 Detailed logic diagrams of the memory system con- 
more specifically named the Memory System Control- trailer (control logic) 26 major assemblies are con- 

ler (fallout logic interface) and is considered in more tained in Vol. 4, Part 3 of the prior referenced USAEC 

detail in FIG. 6. The Memory System Controller 26 technical report No. UCRL-50892 and show the skill 

synchronizes information transfers between the com- in the art design utilizing conventional components, 

puter 25 and the disk memory 40, the Fallout Readouts 10 particular reference being made to FIG. E-l on page 
and Wind Data Panel 94, the Fallout Input and Com- 42 which is similar to FIG. 6 of this patent, 

puter Controls Panel 93, and the Prompt Effects Input Function B shown diagrammatically in FIG. 1 is a 
Control Panel 91. The Memory System Controller 26 function which computes the Army Fallout prediction 

also synchronizes the CRT 36 display to the disk mem- model earlier referred to, i.e., that of a display consist¬ 

ory 40 and transfers data from the disc memory 40 to 15 ing of lines and arcs roughly resembling a “keyhole” 
the CRT 36 display via the CRT Display Controller pattern. Function B, consisting of five program blocks 

301. The Memory System Controller 26 is logically and twelve subroutines, computes the keyhole’s 

partitioned into five functions: The interface controller lengths, angles, lines, arcs, and other related informa- 

302, the input data interface 303, the output data inter- tion in display point coordinates in X and Y. The five 

face 304, the magnetic disc controller 305, and the 20 program blocks and their specific functions are as fol- 
CRT display controller 301. All data flowing between lows: 

the digital computer 25 and the memory system con- FBA — Wind Vector Plot and Cloud Parameters, 
trailer 26 are routed through either the input data in- FBA determines if height of burst, yield, map scale, and 

terface 303 or output data interface 304. The input effective wind speed are within the proper ranges for 
data interface 303 contains all the gates necessary to 25 function B’s operation and if not, will set an error 
accept the data from the Prompt Effects Input Control alarm. In this block, function B begins to follow the 
Panel 91, the Fallout Input and Computer Controls step-by-step process by working with display points to 
Panel 93. The input data interface 303 is limited to construct the wind vector plot. Cloud parameters are 
transferring the data from the Fallout Readouts and reduced to display points as well. FBA’s general role is 
Wind Data Panel 94 to the digital computer 25. The 30 to describe the wind vector plot for the next block, 
output data interface 304 contains all the buffer regis- FBB — Compute Angles Alpha and Beta. Alpha and 
ters necessary to drive the indicators on the fallout beta refer to the angles made by the radial lines (on the 
readouts and wind data panel 94, and to load data onto X Y plot) of the predicted area. Also, FBB will allow 
the auxiliary and display sections of the disk memory for some unique wind situations that can change the 
40. 35 “keyhole” to an expanded or a circular pattern. 

The operation of both data interfaces (303 and 304) FBC — Compute Adjustment Factors. FBC will com- 
is controlled by the interface controller 302. Interface pute the height of burst and fission-yield/total-yield ad- 
controller 302 decodes the control signals from the dig- justment factors as well as the Net Zones I and II (Zone 
ital computer 25 and routes the data flow either from I - Immediate operational concern — radiation dose 
the selected data gates or to the selected data buffer 40 > 100 rad in 4 hr; Zone II — Moderate risk — radiation 
registers in the data interfaces. The interface controller dose < 100 rad in 4 hr.) downwind distances. This is 
302 also selects the wind group (from the fallout Read- accomplished by equations which approximate the no- 
outs and Wind data panel 94) to be sampled, selects the mograms found in the earlier cited Army TM Manual 
auxiliary memory field on the magnetic disc 40 onto or TM-3-210, Change A. Should the height of burst ad- 
off which data are to be transferred, and selects the dis- 45 justment factor be less than 1, or Zone I distance too 
play field on the magnetic disc 40 to which data are to small or large, an error alarm is set. 
be transferred. FBD — Compute Base Building Points. The blast 

The magnetic disc controller 305 interfaces the mag- pressure points are computed in this block. These 
netic disc unit 40 to the input data interface 303. The points are the basic building points from which the final 
magnetic disc controller 305 decodes data control 5 pattern will be constructed. A rough check is made on 
words from the input data interface 303 and output the minimum and maximum limits of the display and, 
data interface 304, and times the data transfer between if the limits are not met, an alarm is set. 
the interface controller 302 and the magnetic disc 40. FBE — Compute Final Fallout Pattern. Using the 
The magnetic disc controller 305 also decodes syn- 5J basic building points and indicators for the direction 
chronizing signals from a timing track on the magnetic 3 3 and type of fallout pattern, FBE computes the final fall- 
disc 40 for its own operation and to synchronize the out pattern to be presented on the display screen. A 
CRT display controller 301. fine-grain check is made on the display and, if mini- 

The CRT display controller 301 interfaces the Pro- mum and maximum requirements are not met, an error 
jection CRT 36 to the magnetic disc controller 301, the ^ alarm is set. 

disc memory 40, and the Fallout Readouts and Wind The twelve subroutine’s and details implementing the 
Data Control Panel 94 (through the input data inter- above five program blocks are contained in Vol. 5 of 
face 303 and magnetic disc controller 305). It routes the above cited USAEC technical report No. UCR- 
the data to the CRT display from the magnetic disc’s L-50892, particular reference being made to FIG. 4 on 
display field that is selected on the fallout readouts and page 19, which is identical to FIG. 8 of this patent, 
wind data control panel. The data from the selected Function A shown diagrammatically in FIG. 1 is a 
fields are mixed together in the CRT display controller function which computes the fallout time-variant inten- 
305. The CRT display controller also controls flicker sity gradient display hereinbefore described. The large 
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particle immediate fallout wafers are placed on the 
function A display disc field, and then the other wafers 
are descended for the detonation — relative time en¬ 
tered at the Fallout Input and Computer Controls panel 
as TIME PERIOD (MODE I) or for a half-hour incre- 5 
ment in detonation-relative time (MODE II) and these 
wafers in turn are placed on the display disc field. 
When this point is reached, sequence parameters cause 
control to be transferred to display gradient (FAC) dis¬ 
cussed below, which monitors display control inser- 10 
tions. Five program blocks and five subroutines make 
up function A and the program blocks are as follows: 

FAA — Calculate Immediate Fallout. FAA performs 
some calculations preliminary to the operation of the 
function as a whole, sets results into communication 15 
tables, and then computes two immediate fallout wa¬ 
fers. It leaves these in a cloud parameter table to be dis¬ 
played by display gradient (FAC), which operates im¬ 
mediately after FAA. While descend wafers (FAB) and 
display gradient (FAC) may operate repeatedly for a 20 
single MODE II detonation, FAA operates only once in 
response to each START. 

FAB — Descent Wafers. FAB calculates descent 
time for cloud wafers, sets indicators in a cloud param¬ 
eters table that tell display gradient (FAC) which wa- 25 
fers should be displayed in a given cycle, and stores all 
wafer information necessary for displays. FAB does not 
handle immediate fallout wafers that are completely 
described by FAA. FAB is the program block in which 
repetitive operation begins in MODE II (and MODE I 30 
if RESUME is pressed). FAB exits to the fourth en¬ 
trance of system control (CFA) unless a wafer radius 
is larger than (approximately) one-fourth of the display 
screen, when it returns to the second entrance to wait 
for START. 35 

FAC — Display Gradient. FAC uses the cloud pa¬ 
rameters table set up by FAA and FAB to calculate disc 
addresses for grid points covered by each descended 
wafer. It indicates rate and accumulated total absorbed 
activity, by grid point, on the function A data disc field 40 
so the gradient display need not be completely recon¬ 
structed at each MODE II increment. It records the 
change of this activity and places it on the function A 
display disc. FAC operates once following FAA and re¬ 
peatedly, in MODE II, after FAB. It exits to the fourth 45 
entrance of system control (CFA). 


FAD — Numerical Display. FAD operates automati¬ 
cally at HALT. Fad uses the cloud parameters table to 
calculate accumulated dose and dose rate and place 
them in display registers. It then monitors the display 
control sense lines for another request (caused by mov¬ 
ing the joystick), for RESUME, for START, and for 
PROMPT/FALLOUT. When RESUME is pressed, 
FAD exits to the fourth entrance in system control 
(CFA). A sequence parameters table entry causes CFA 
to proceed as if it had detected RESUME. START 
causes FAD to exit to the third entrance to CFA, where 
processing of sequence parameters begins. 

FAE — Wind Change. FAE simulates the descent of 
all wafers not yet on the ground to their new altitudes. 
Lateral displacement is computed and the new posi¬ 
tions of the wafers are stored in the cloud parameters 
table. FAE operates only in response to the insertion of 
new winds at RESUME, the conditionality being estab¬ 
lished by sequence parameters and by the setting of in¬ 
dicators by read period and wind (CFC). It exits to the 
fourth entrance of system control (CFA). 
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The five subroutines and details implementing the 
above five program blocks are contained in Vol. 5 of 
the above cited USAEC technical report No. UCR- 
L-50892, particular reference being made to Appen¬ 
dix E on page 141 which is incorporated into this pa¬ 
tent as Appendix E. 

The digital computer 2S shown diagrammatically in 
FIG. 1 is the heart of the subject Graphics Display Sys¬ 
tem. It receives inputs from the control panel switches 
including the wind data switches and the prompt effects 
switches; it performs all calculations; it then outputs 
numerical readouts to the output indicators and gener¬ 
ates fallout patterns on the CRT display. All communi¬ 
cation between the computer and its peripheral equip¬ 
ment is routed through the memory system controller 
26 (FIG. 6 ); however, the computer, at all times, re¬ 
tains complete control of all data transfers and process¬ 
ing. 

The operation of the digital computer is divided into 
two basic groups, i.e., the fallout computer program 
and the prompt effects computer program. During the 
fallout program operation, most of the fallout program 
resides on the magnetic disc. Core memory (of the 
computer) is occupied, while fallout is in operation, by 
a table of constants, tables of input values, a program 
that reads prompt effects from disc, and a control pro¬ 
gram that reads program blocks from disc to core and 
transfers control to them. When each program block 
has finished operating, it returns control to the control 
program, and the next program block is read in and op¬ 
erated. The sequence of operations is determined by a 
sequence parameters table, from which the control 
program obtains core and disc addresses that enable it 
to read blocks into core. 

The fallout program system may be thought of as 
comprising four functions: 

1. A load function that places the program system on 
disc, places portions of it in core memory, constructs 
the sequence parameters table, and transfers control to 
the control function. 

2. A control function that comprises the control pro¬ 
gram and the program blocks that read inputs and con¬ 
verts them to the formats required by function A and 
function B. The control program uses the sequence pa¬ 
rameters table to determine the order in which pro¬ 
gram blocks are to be read into core, tests the input 
lines (START, RESUME, PROMPT/FALLOUT) that 
control the presentation of function A displays and 
transfers to prompt effects. 

3. A function A that calculates output information 
for the gradient display and the three numerical dis¬ 
plays and outputs it. 

4. A function B that calculates output information for 
the keyhole display and outputs it. 

The Load Function, (1) above, comprises three pro¬ 
gram blocks and three subroutines. The program 
blocks are described below: 

LPA — Load From Tape. LPA reads the load control 
table from the tape that it finds in the tape reader and 
places it, along with LPB, LPC, and subroutine LB on 
disc. It then reads in the rest of the system, placing the 
permanent core program blocks on disc as well as in 
core, and exits to construct sequence parameters 
(LPC). 

LPB — Load From Disc. LPB is read from disc into 
core, together with the load control table, LPC, and 
subroutine LP, by the use of the disc-to-core bootstrap 
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(see FIG. 3, page 18, and Appendix D, Vol. 5, USAEC 
technical report No. UCRL-50892 FIG. 3 being identi¬ 
cal to FIG. 9 of this patent and Appendix D being in¬ 
corporated into this patent as Appendix D). Its func¬ 
tion is to restore the system to operation when a com¬ 
puter malfunction has damaged the program in core 
but left the disc intact. It uses the load control table to 
read those program locks from disc to core which oc¬ 
cupy permanent places in core during system opera¬ 
tion. It exits to construct sequence parameters (LPC). 

LPC — Construct Sequence Parameters. LPC de¬ 
rives the sequence parameters table from the load con¬ 
trol table, placing it in a temporary location in core, 
and exits to the control function (CFA). 

The Control Function, (2) above, comprises five pro¬ 
gram blocks and eight subroutines. The program blocks 
are described below: 

CFA — System Control. In general, processing the 
sequence parameters table consists of obtaining from it 
a disc address, a core address, and the number of words 
to be transferred; reading a program block from disc to 
core; and transferring control to an address given in the 
sequence parameters table. CFA has four entrances. 
The entrance used by load function places the recon¬ 
structed load control table into sequence parameters, 
tests the prompt/fallout switch, waits until START is 
pressed, and then commences to operate the system 
from the first entry in the sequence parameters table. 
The second entrance is used at the end of a detonation 
or when a function A error occurs. It sets error lights, 
tests the prompt/fallout switch, and awaits START. 
The third entrance is the same as the first, except that 
the START light is not sensed. This is used when 
START has been sensed in another program block. The 
fourth entrance resumes processing the sequence pa¬ 
rameters table from the point at which it was inter¬ 
rupted by transfer of control to another program block. 
This entrance is used by all program blocks that reside 
on disc. It is also used when an error in function B oc¬ 
curs. 

CFB — Clear and Read Inputs. CFB clears all dis¬ 
plays and flip-flops and reads all inputs except TIME 
PERIOD, RAD LEVEL SELECTOR, and wind data. 
Inputs are legality — checked and converted from BCD 
to binary working values. CFB exits to the fourth en¬ 
trance of system control (CFA) unless an input error 
is found, in which case it exits to the second entrance 
to wait for START. 

CFC — Read Period and Wind. CFC reads TIME PE¬ 
RIOD, RAD LEVEL SELECTOR, and wind data, le¬ 
gality-checks them, and determines if new wind data 
have been inserted by comparing them with last in¬ 
serted data; in such instances as HALT has been de¬ 
pressed, wind data changed, and RESUME depressed. 
CFC operates twice in the system sequence: once just 
after START and once as a part of the function A dis¬ 
play cycle. CFC exits to the fourth entrance of system 
control (CFA) unless START has been sensed, in 
which case it exits to the third entrance — or unless an 
input error is found, in which case it returns to the sec¬ 
ond entrance to wait for START. It also tests the 
PROMPT/ FALLOUT swtich and jumps to PFDL if on 
PROMPT. 

CFD — Cartesion Wind Vectors. CFD computes x„ 
and y„ from inputs p w , 9 W . It operates twice in the sys¬ 
tem sequence, following the read period and wind 
(CFC): once after START and once as a part of the 


function A display cycle, conditioned upon the inser¬ 
tion of new wind data. Conditionality is co-determined 
by the position of the CFC entry in the sequence pa¬ 
rameters table and by an indicator set by CFC. It exits 
5 to the fourth entrance of system control (CFA). 

PFDL — Prompt/Fallout Disc Load. It loads the 
prompt effects program from disc to core when the 
PROMPT/FALLOUT switch is set to PROMPT. 

The subroutine’s and details implementing the load 
10 function and control function program blocks are con¬ 
tained in Vol. 5 of the above cited USAEC technical 
report No. UCRL-50892. Function A and Function B 
have previously been discussed. 

Sections of particular interest in Vol. 5 are entitled 
15 “Fallout Load Function Tape” and “Operational Sys¬ 
tem Tape” on pages 14 and 15 and which are incorpo¬ 
rated in this patent as follows: 

Fallout Load Function Tape 

20 This tape is read into core in its entirety by a boot¬ 
strap loader program (see Appendix C) inserted by the 
switches on the computer console. Its order on the tape 
determines the order in which it will appear in core. Be¬ 
cause LPB, LPC, and subroutines LA, LB, and LE are 
25 read in together when the system is reloaded from disc, 
they are contiguous in core and on tape. Table 1 illus¬ 
trates the tape format. No attempt has been made to 
represent the relative lengths of the program blocks. 


30 LBA LPB LPC 
Load point 


LB LPB LPA LA LE 

(cont.) (cont.) 


Table 1 Load function binary tape 

OPERATIONAL SYSTEM TAPE 
35 

Two constraints on tape format exist: the load con¬ 
trol table must be at tape load point and be the first 
entry read by the load function, and the order of blocks 
in the load control table must be the order of blocks on 
40 the tape. Table 2 illustrates this. Because the load con¬ 
trol table is generally in the order of program block op¬ 
eration, that order is observed in constructing the bi¬ 
nary tape. 

Program blocks that reside permanently in core dur- 
45 ing a fallout operation may be placed anywhere on the 
tape, as long as they occupy the same position in the 
load control 


PROGRAM BLOCKS 

LOAD CONTROL TABLE 
50 Entries for 

CFB CFC CFD FBA 

Etc. CFB CFC CFD FBA 

Etc. 

Load point 


55 Table 2. Operational system binary tape. 

table. Program blocks CON, CFA, and CC must al¬ 
ways be on tape and their entries included in the load 
control table. Other program blocks may be omitted if 
desired. This allows changing or loading a program 
block without making or loading a new system tape. 

The prompt effects computer program resides pri¬ 
marily on the disc. While prompt effects is in operation, 
the core memory is occupied by a program that reads 
65 the fallout program and a program which reads pro¬ 
gram blocks from disc to core and transfers control to 
them. When each program block has finished operat¬ 
ing, it returns control to the read-program-blocks pro- 
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gram, and the next program block is read in and oper- fallout is called for. This is the entrance used by the 
ated. The sequence of operations is determined by a se- load function. The second entrance is used after a dead 


quence parameters table from which the read-disc pro¬ 
gram obtains core and disc addresses (which enable it 
to read blocks into core) and the operating sequence 
of program blocks. The sequence parameters table is 
constructed by the program that loads the system into 
the computer. Its content is determined by the load 
control table. The actual data in the prompt effects 
load control table is contained in Appendix A of Vol. 
5, USAEC technical report No. UCRL-50892, Appen¬ 
dix A being incorporated into this patent as Appendix 
A. 

The prompt effects program may be thought of as 
comprising five functions: 

1. A load function that places the program system on 
disc, places portions of it in to core memory, constructs 
the sequence parameters table from the load control 
table, and transfers control to the read-disc program 
block; 

2. A control function that comprises the read- 
program-blocks program mentioned above: The pro¬ 
gram blocks that read and convert input, convert and 
out output, and control the mode and multiweapon se¬ 
quencing and storage [the read-disc program uses the 
sequence parameters table to determine the order in 
which program blocks are to be read into core and tests 
the input lines (START, PROMPT/FALLOUT) that 
control the execution of prompt effects or transfers to 
fallout]; 

3. A Mode I function that calculates information for 
MODE I; 

4. A Mode II function that calculates information for 
MODE II; 

5. A probability function that calculates probability 
of damage for Mode I or II. 

The Load Function, (1) above, for prompt effects 
comprises three program blocks briefly described be¬ 
low: 

LPA — Load From Tape. Same as in the fallout ef¬ 
fects system program except that the prompt effects 
system data is read in. 

LPB — Load from Disc. Same as in the fallout effects 
system program except that the disc-to-core bootstrap 
procedure for prompt effects is contained in Appendix 
B of Vol. 2, USAEC technical report No. UCRL- 
50892, Appendix B being incorporated into this patent 
as Appendix B. 

LPC — Construct Sequence Parameters. Same as in 
fallout effects system program. 

The programming sequence is illustrated by flow¬ 
charts found in FIGS. 10 and 11 which are identical to 
the flowcharts on pages 21 and 22 of Vol. 6, USAEC 
technical report No. UCRL-50892. 

The Control Function, (2) above, for prompt effects, 
comprises five program blocks described briefly below: 

CFA — Read Program Blocks. In general, processing 
the sequence parameters table consists of obtaining 
from it a disc address, a core address, and the number 
of words to be transferred; reading a program block 
from disc to core; and transferring control to an ad¬ 
dress given in the sequence parameters table. CFA has 
four entrances. One places the reconstructed load con¬ 
trol table at the address given in CFA, tests the prompt 
fallout switch, proceeds to wait until START is pressed, 
and then commences to operate prompt effects from 
the first entry in the sequence parameters table, unless 



strat; the disc is warmed up for 5 sec., and then the pro¬ 
gram continues as in the next entrance. The third en- 
5 trance is used when a fatal error occurs (such as disc 
error); it sets error lights, tests PROMPT/FALLOUT, 
and awaits START. The fourth entrance resumes pro¬ 
cessing the sequence parameters table from the point 
at which it was interrupted by transfer to control to an- 
10 other program block. This entrance is used by all pro¬ 
gram blocks. 

CFB — Clear and Read Inputs. CFB clears the error 
words and reads all inputs from the front control panel 
and the ROM (if inserted). It will convert the BCD data 
15 to floating point and check the data for illegal entries. 
If illegal entries are found, it will set the input error and 
start lights and wait for START Or PROMPT/FALL¬ 
OUT to be pushed. If all input is acceptable, it will 
enter the data in the proper core locations and exit to 
20 CFA to read the next program block. The program¬ 
ming sequence is illustrated by flowcharts found in 
FIGS. 12 , 13 and 14, which are identical to the flow¬ 
charts on pages 24, 25 and 26, of Vol. 6, USAEC tech¬ 
nical report No. UCRL-50892. 

25 CFC — Mode and Multiweapon Control. CFC has 
two entrances. The first entrance is entered after the 
input routine. It will test for mode, and single or mul¬ 
tiweapon. If single-weapon or multiweapon compute is 
set, it will exit to CFA to read and execute the Mode 
30 I or II functions and the probability function. If mul¬ 
tiweapon store or recall is set, it will perform the store 
or recall and exit to CFA to read the output program 
block. The second entrance to CFC is from a single¬ 
weapon or multiweapon compute after the calculations 
35 have been done. CFC will fill the proper output buffers 
and exit to CFA to read the output program block. The 
programming sequence is illustrated by flowchart 
found in FIG. 15, which is identical to the flowchart on 
page 30 of Vol. 6, USAEC technical report No. UCR- 
40 L-50892. 

CFD — Output. CFD will convert and display the 
data in the output buffer OB, including circle generator 
ranges and colors. CFD will also set the error lights if 
^ they are indicated in the error word. CFD will exit to 
CFA to restart the prompt effects cycle. The program¬ 
ming sequence is illustrated by flowcharts found in 
FIGS. 16 and 17, which are identical to the flowcharts 
on pages 35 and 36 of Vol. 6, USAEC technical report 
No. UCRL-50892. 

CFE — Prompt/Fallout Disc Load. CFE loads the 
fallout-program disc-load program block from disc to 
core and transfers control to it when the PROMPT- 
/FALLOUT switch is set to FALLOUT. The program- 
J5 ming sequence is illustrated by the flowchart found in 
FIG. 12 which is identical to the flowchart on page 24 
of Vol. 6, USAEC technical report No. UCRL-50892. 

The Mode I Function, (3) above, for prompt effects, 
comprises four program blocks which are executed 
6Q whenever a Mode I calculation is called for in single¬ 
weapon or multiweapon compute. They are briefly de¬ 
scribed below: 

MIA — Mode I Radiation and Thermal. MIA will 
compute the slant range and call the routine to com- 
65 pute the attenuation factor. It then computes the 
gamma, neutron, or total radiation and thermal flux for 
the input range. If any computed values are out of the 
specified range, error indicators will be set. MIA then 
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exits to CFA to read in M1B The programming se¬ 
quence is illustrated by flowcharts found in FIGS. 18 , 
19 and 20 which are identical to the flowcharts on 
pages 43, 44 and 45 of Vol. 6, USAEC technical report 
No. UCRL-50892. 

M1B — Mode I Blast. M1B will compute the peak 
static over-pressure, and dynamic pressure. M1B then 
determines which pressure is to be displayed and 
checks for computed values out of range, setting error 
indicators if necessary. M1B exits to CFA to read the 
probability function, PRB. The programming sequence 
is illustrated by flowcharts found in FIGS. 21 and 22 
which are identical to the flowcharts on pages 49 and 
50 of Vol. 6, USAEC technical report No. UCR¬ 
L-50892. 

MDC — Mode 1 and II Blast Data. This program 
block does no computations. It contains the data for 
the model that calculates the peak static overpressure 
or pressure range (depending on mode). 

MDD — Mode I and II Subroutines. This program 
block contains various subroutines used in MIA and 
M2A radiation and thermal calculations. These rou¬ 
tines are called directly from the program blocks need¬ 
ing them, and control is returned to the calling pro¬ 
gram. 

The Mode II Function, (4) above, for prompt effects, 
comprises four program blocks which are executed 
wherever a Mode II calculation is called for in single¬ 
weapon or multiweapon compute. They are briefly de¬ 
scribed below: 

M2A — Mode II Radiation and Thermal. M2A first 
computes the attenuation factor. Then the radiation 
range for the given radiation is computed, followed by 
the thermal range for the input thermal flux. M2A 
checks for computed values out of range, sets any nec¬ 
essary error indicators, and then exits to CFA to read 
in M2B. The programming sequence is illustrated by 
flowcharts found in FIGS. 23 and 24 which are identi¬ 
cal to the flowcharts on pages 67 and 70 of Vol. 6, 
USAEC technical report No. UCRL-50892. 

M2B — Mode II Blast. M2B will determine which 
pressure has been input (dynamic or static) and com¬ 
pute the other. The blast range is then computed from 
the static pressure. M2B checks for computed values 
out of range, sets any necessary error indicators, and 
then exits to CFA to read the probability function PRB. 
The programming sequence is illustrated by flowcharts 
found in FIGS. 25, 26 and 27 which are identical to the 
flowcharts on pages 75, 76 and 77 of Vol. 6, USAEC 
technical report No. UCRL-50892. 

MDC — Mode I and II Blast Data. Same as in Mode 
I Function. 

MDD — Mode I and II Subroutine. Same as in Mode 
I Function. 

The probability Function, (5) above, for prompt ef¬ 
fects, comprises one program block briefly described 
below: 

PRB — Probability of Damage. PRB will first deter¬ 
mine if a probability of damage P K calculation should 
be made. If not, P K is set to 0, and PRB exits to CFA 
to read CFC. If so, then the vulnerability is computed 
by using the input vulnerability number and a correc¬ 
tion factor computed in PRB. Then P* is computed, 
and PRB exits to CFA to read in CFC. The program¬ 
ming sequence is illustrated by flowcharts found in 
FIGS. 28 and 29 which are identical to the flowcharts 
on pages 82 and 83 of Vol. 6, USAEC technical report 
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No. UCRL-50892. Other sections of particular interest 
in Vol. 6 are entitled “Prompt Effects Load Function 
Tape” and “Operational System Tape” on pages 13 
and 14 and which are incorporated in this patent as fol- 
5 lows: 

Prompt Effects Load Function Tape 

The prompt effects load function tape is read into 
core in its entirety by a bootstrap loader program (see 
10 Appendix C) inserted by the switches on the computer 
console. Its order on the tape determines the order in 
which it will appear in core. Because LPB, LPC, and 
subroutines LA, LB, and LE are read in together when 
the system is reloaded from disc, they are contiguous 
•5 in core and on tape. Table 1 illustrates the tape format. 
(No attempt has been made to represent the relative 
lengths of the program blocks.) 

LBA LPB LPC ‘LB LPB LPA LA LE 

20 (cont.) (cont.) 

Load point 

Table 1 Load Function Binary Tape 
Operational System Tape 

25 There are two constraints on tape format: the load 
control table must be at the tape load point and be the 
first entry read by the load function, and the order of 
blocks in the load control table must be the order of 
blocks on the tape. Table 3 illustrates this. Because the 
30 load control table is generally in the order of program 
block operation, that order is observed in constructing 
the binary tape, when possible. 

Program blocks that reside permanently in core dur¬ 
ing prompt effects operation may be placed anywhere 
35 on the tape, as long as they occupy the same position 
in the load control table. Program blocks CFA and 
CFE must always be on tape and their entries included 
in the load control table. Other program blocks may be 
omitted if desired. This allows changing or loading a 
40 program block without making or loading a new system 
tape. If a block is omitted on tape, the load indicator 
for that block must be set to 0 in the load control 

PROGRAM BLOCKS 

45 LOAD CONTROL TABLE 
Entries for 

PCON SBR1 SBR2 MDD 

Etc. PCON SBR1 SBR2 

18MDD 

Load point 

50 Table 3 Operation system binary tape 

Details implementing the prompt effects computer 
program blocks are contained in Vol. 6, USAEC tech¬ 
nical report No. UCRL-50892 hereinbefore refer¬ 
enced as particularly pointed in the foregoing para- 
55 graphs. 

The interface logic 28 shown diagrammatically in 
FIG. 1 is the generic representation of the input data 
interface 303 , the interface controller 302 , and the out- 
put data interface 304 of the memory system controller 
26 for the fallout logic interface shown in FIG. 6 ; and 
the input data interface 201, the interface controller 
202 , and the output data interface 203 of the memory 
system controller 16 for the prompt effects logic inter- 
face shown in FIG. 5. 

The digital computer 25 may, for example, be a 
Varian Data Machine 6201, the disc memory 40 may 
be a Data Development Corp. unit, and other compo- 
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nents of the system are conventional off-the-shelf units 
particularly adapted for this system. 

It is thus seen that the present invention provides as 
composite output display appearing on the screen 
which includes a map with prompt effects and a fallout 5 


20 

pattern superimposed thereon, the display changing as 
time dependent characteristics of the explosive become 
manifest in the equations solved by the computer, and 
as new input data is entered. 


Appendix A 



Tables 

of Constants 


Table AO. 

Radiation 

levels for function 

A display. 



Radiation levels 


Index 

Low 

Medium 

High 

1 

0.3 

1.0 

3.0 

2 

0.1 

3.0 

10.0 

3 

3 

10.0 

30 

4 

10 

30 

100 

5 

30 

100 

300 

6 

100 

300 

1 K 

7 

300 

l K 

3 K 

8 

1 K 

3 K 

10 K 

9 

10 

300 

3 K 



q 

Q (NM) 

0 

0.217 

1 

0.478 

2 

0.869 

3 

1.912 

4 

3.580 

5 

7,875 

6 

0.043 

7 

0.094 

Table A2. 

Decay exponent, N 
(function A only). # n 

n 

N 

0 

-1.1 

1 

-1.2 

2 

-1.3 



Table A3. 

Coefficient of activity, C 
(function A only). 

c 

C 

0 

0.85 

i 

1.27 

2 

1.69 

3 

2.| S 

4 

2.54 

5 

2.98 

6 

3.38 

7 

3.90 


Table A4, Wind band depth, A 


a 

A 

0 

2.00 

1 

4.00 

2 

5.00 

3 

S. 562 

(2000 meters) 
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Table A5. Particle parameters (function A). a 


j - F(W,Z.) i = particle size 

15 index 

r * particle size, 

p - portion of total 

m icrons 

fallout 

Glasstone 0 

500 < r max> 

0.001 


362 

0.002 


262 

0.008 

0 

l no 

0.023 


138 

0.054 


100 

0.102 


72 

0.155 


53 

0.194 


38 

0.195 


27 

0.160 

10 

20 < r min> 

0.106 

Knox 0 

500 

0.002 


362 

0.007 

1 

262 

0.020 

190 

0.048 


130 

0.092 


100 

0.142 


72 

0.183 


53 

0.187 


38 

0.156 


27 

0.105 

10 

20 

0.058 

Coral 0 

500 

0.024 

2 

3C2 

0.04 3 


2G2 

0.068 


190 

0.096 

• 

130 

0.122 


100 

0.139 


73 

0.142 


53 

0.130 


38 

0.106 


27 

0.078 

10 

20 

0.052 

Tuff 0 

500 

0.048 


362 

0.061 

3 

262 

0.074 

190 

0.086 


130 

0.097 


100 

0.106 


73 

0.111 


53 

0.112 


38 

0.109 


27 

0.103 

10 

20 

0.093 

4 0 

Sparc 


ib 



5 0 



« 

Spare 


10 



a See UCRL-50802. Vol. 2. 
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Table A6. Cloud parameters (function B) 


Yield 

Cloud top height 
(feet) 

Cloud bottom height 
(feel) 

Cloud radius 
(miles) 

100 MT 

120,000 

63,000 

63.75 

05 

120.000 

63,000 

63.75 

90 

1 to ,000 

63,000 

63.76 

85 

119,000 

63,000 

62.00 

no 

118,000 

63,000 

60.00 

75 

117,000 

62,750 

58.00 

70 

1 17,000 

62,750 

57.00 

65 

1 16.000 

62,750 

55 . 00 

60 

115,500 

62,750 

53.00 

55 

115,000 

62,750 

52,00 

50 

114,000 

62,500 

50.00 

45 

113,000 

62,500 

47.00 

40 

112,000 

62,500 

45.00 

35 

lit .000 

62,250 

43.00 

30 

too,000 

62 250 

40.00 

25 

107,000 

62,250 

37.00 

20 

105,000 

62,000 

34.00 

15 

102,000 

61,500 

30.00 

10 

98,000 

61,000 

25.00 

9.5 

98,000 

61,000 

25.00 

9.0 

97,000 

61,000 

24.00 

8.5 

97,000 

60,750 

24.00 

8.0 

96,000 

60,750 

23.00 

7.5 

95,000 

60,500 

22.00 

7.0 

94,000 

60,500 

22.00 

6.5 

94,000 

60,500 

21.00 

6.0 

93,000 

60,250 

20.00 

5.5 

92,000 

60,000 

20.00 

5.0 

91,000 

60,000 

19.00 

4.5 

90,000 

59,750 

18.50 

4.0 

89.000 

59,500 

17.50 

3.5 

88.000 

59,000 

17.00 

3.0 

86,000 

58,500 

15.00 

2.5 

84,500 

58,250 

14.50 

2.0 

82,500 

56,500 

13.00 

1.5 

79,500 

56,250 

11.50 

1.0 

76,000 

55,000 

9.75 

950 KT 

75,500 

54,500 

9.50 

900 

75,000 

54,250 

9.25 

850 

74,000 

54,000 

9.00 

800 

73,500 

53,500 

8.75 

750 

73,000 

53,250 

8.50 

700 

72,250 

53,000 

8.25 

650 

72,000 

52,500 

8.00 

600 

71,000 

52,000 

7.75 

550 

70,000 

51,500 

7.50 

500 

69,000 

51,000 

7.25 

450 

68,000 

50,250 

7.00 

400 

67,000 

49,500 

6.50 

350 

66,000 

48,500 

6.25 

300 

64,250 

47,500 

5.75 

250 

62,500 

46,000 

5.50 

• 



• 
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Table A6 (Continued). 


Cloud top height Cloud bottom height Cloud radius 
Yield (feet) (feet) (miles) 
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Table A6 (Continued). 


Yield 

Cloud top height 
(feet) 

Cloud bottom height 
(feet) 

Cloud radius 
(miles) 

0.40 KT 

7.500 

3,500 

0.25 

0.35 

7.500 

3,500 

0.25 

0.30 

7,500 

3,500 

0.25 

0.25 

7,250 

3,250 

0.25 

0.20 

7,250 

3,250 

0.25 

0.15 

7,250 

3,250 

0.25 

0.10 

7,000 

3,000 

0.25 

Table A7. Miscellaneous (function A only)„ a 

Symbol 

Calculation 

Present value Units 


Exponents 


El 

Cloud heights 

0.25 


E2 

Cloud heights 

0.50 


E3 

Cloud heights 

5.00 


E4 

Cloud radius 

0.40 


E5 

Descent rate 

1.50 


E6 

Diffused cloud radius 

2.00 


E7 

Diffused cloud radius 

1.33 


E8 

Diffused cloud radius 

0.50 



Other 



K1 

Cloud heights 

2.53 

_ 

K2 

Cloud heights 

1.15 


K3 

Cloud heights 

1.02 


K4 

Cloud heights 

0.47 


K5 

Cloud heights 

0.55 

— 

K6 

Cloud heights 

12.35 

minutes 

K7 

Cloud radius 

0.026 

— 

K8 

Proportion of available radioactivity in 
immediate fallout 

0.10 


K9 

Proportion of available radioactivity in 
upper one-third of mushroom stem 

0.10 


K10 

Proportion of available radioactivity in 
nuclear cloud 

0.50 


Kll 

All activities 

0.75 

_ 

K12 

All activities 

1.00 

_ 

K13 

Immediate fallout wafer radius 

1.00 

__ 

K14 

Immediate fallout wafer radius 

0.17 

_ 

K15 

Time of fall 

0.18 

hours 

K16 

Time of fall 

43.00 

hours 


• 


• 
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30 



Tabic A7 (Continued). 



Symbol 

Calculation 

Present value 

Units 


Other 



K17 

Diffused cloud radius 

0.40 

- 

K18 

Immediate fallout decay 

0.18 

hours 

K19 

Proportion of immediate fallout in large 
immediate wafer 

0.85 

- 

K20 

Proportion of immediate fallout in small 
immediate wafer 

0.15 

- 


a The following literal constants may be changed through use of switches on the com¬ 
puter console. 


Table -A8. Miscellaneous literature program constants (function B only). 


Symbol 

Calculation 

Present value 

Units 

K30 

Minimum yield boundary valirtf- 

100 

tons 

K31 

Time of fall 

12 

KFT 

K32 

Time of fall 

34 

KFT 

K33 

Time of fall 

63 

KFT 

K34 

Time of fall 

10 

KFT/hr 

K35 

Time of fall 

8 

- 

K36 

Time of fall 

36 

KFT 

K37 

Time of fall 

110 

KFT/hr 

K38 

Time of fall 

18 

- 

K39 

Time of fall 

210 

KFT 

K40 

Time of fall 

290 

KFT/hr 

K41 

Time of fall 

25 

KFT 

K42 

Time of fall 

19 

KFT/hr 

K43 

Zone I distance 

50.370026 

— 

K44 

Zone 1 distance 

58.140015 

— 

K45 

Zone I distance 

7.230011 

— 

K46 

Zone I distance 

95.360016 

— 

K47 

Height of burst adjustment factor 

6.00 

- 

K48 

Height of burst adjustment factor 

2.700012 

- 

K49 

Height of burst adjustment factor 

0.930023 

- 

K5Q 

Height of burst adjustment factor 

17.960022 

- 

K51 

Height of burst adjustment factor 

0.00004 

- 

K52 

Height of burst adjustment factor 

0.0000032 

- 

K53 

Height of burst adjustment factor 

0.00000098 

- 

K54 

Fission yield/total yield adjustment factor 

7.680023 

- 

K55 

Fission yield/total yield adjustment factor 

2.360016 

- 

K5C 

Maximum height of burst boundary value 

8500 

feet 
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Table A10. Interpolation table for height 
of burst adjustment factor. 



1.000 

0.0 

0.980 

0.10 

0.957 

0.20 

0.932 

0.30 

0.893 

0.40 

0.853 

0.50 

0.798 

0.60 

0.722 

0.70 

0.615 

0.80 

0.438 

0.90 

0.309 

0.95 

0 

1.00 
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Table Al 1 . Interpolation table for base 
factor (G) 



1.200 

0 

1.150 

0.20 

1.100 

0.30 

1.050 

0.48 

1.000 

0.53 

0.980 

0.59 

0.957 

0.82 

0.932 

0.65 

0.893 

0.69 

0.853 

0.73 

0.798 

0.77 

0.722 

0.82 

0.615 

0.88 

0.438 

0.94 

0.309 

0.97 

0 

1.00 


Table A12. Interpolation table for fission 
yield/total yield adjustment 
factor (Ap). 
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BOOTSTRAP PROGRAMS 
Entering a Bootstrap Program 

On the computer front panel (Fig. 2), perform the following steps: 

1. Press SYSTEM RESET. 

2. Raise REPEAT. 

3. Raise U (all other register switches—X, B, A, P —must be down); press RESET. 

4. Set BIT SWITCHES: 0 101 100 000 000 000. 

5. Depress U; raise P; press RESET. 

6. Set BIT SWITCHES: 0 «00 111 111 011 101. 

7. Depress P; raise A. 

8. Depress RESET. 

9. Set bit switches to a program word from the listing of the appropriate Bootstrap 
Loader: Tape-to-Core Bootstrap Loader for Fallout or Prompt Effects (Table B-l), 
Disc-to-Core Bootstrap Loader for Fallout (Table B-2), or Disc-to-Core Bootstrap 
Loader for Prompt Effects (Table B-3). 

10. Press STEP. 

11. Repeat 8, 9. and 10 until all words of the Bootstrap Loader have been entered, 
then continue. 

12. Depress A. raise U, press RESET. 

13. Set BIT SWITCHES: 0 001 100 000 000 000. 

14. Depress U, raise P, press RESET. 

15. Set BIT SWITCHES: 0 000 111 111 011 101. 

16. Depress P. raise A. 

17. Press STEP. Compare the word that appears in the register lights with the first 
(then second, third, etc.) word of the Bootstrap Loader just entered. Repeat 
step 17 until all words have been verified. If a word is in error, repeat steps 3 
through 10 for only the word and its address. Continue with 18 when all words 
have been verified to be correct. 

18. Depress A, raise U, press RESET. 

19. Depress U, raise X, press RESET. 

20. Depress X, raise P, press RESET. 

21. Set BIT SWITCHES: 0 000 111 111 101 000. 

22. Depress P, depress REPEAT. 

23. Press SYSTEM RESET, press RUN. The STEP light will go off, and the RUN 
light will come on and remain on. If this does not occur, return to step 12. 
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Tabic B I. T apc-to-cere bootstrap loader for fallout or prompt efforts. 
Address Program word 


0 

000 

III 

111 

Oil 

101 

1 

000 

010 

101 

000 

001 

0 

000 

111 

111 

Oil 

1 10 

0 

000 

100 

010 

101 

000 

0 

000 

111 

111 

Oil 

111 

0 

000 

001 

000 

000 

100 

0 

000 

111 

111 

100 

000 

0 

000 

000 

000 

000 

000 

0 

000 

111 

111 

100 

001 

0 

000 

100 

010 

000 

001 

0 

000 

111 

111 

100 

010 

0 

000 

100 

010 

100 

001 

0 

000 

111 

111 

100 

Oil 

0 

000 

100 

100 

100 

110 

0 

000 

111 

111 

100 

100 

0 

000 

001 

000 

001 

000 

0 

000 

111 

111 

100 

101 

0 

000 

111 

111 

101 

001 

0 

000 

111 

111 

100 

110 

0 

110 

101 

000 

000 

000 

0 

000 

111 

111 

100 

111 

0 

000 

101 

001 

100 

100 

0 

000 

111 

111 

101 

000 

0 

000 

101 

001 

000 

010 

0 

000 

111 

111 

101 

001 

1 

000 

001 

010 

000 

001 

0 

000 

111 

111 

101 

010 

0 

000 

111 

111 

Oil 

101 

0 

000 

111 

111 

101 

Oil 

0 

000 

001 

000 

000 

000 

0 

000 

111 

111 

101 

100 

0 

000 

111 

111 

101 

001 
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38 


Tabic B - 2 . Disc lo-rore bootstrap loader lor fallout. 


Address Program word 


0 

000 

111 

111 

01 1 

101 

1 

000 

Oil 

001 

100 

010 

0 

000 

111 

111 

01 1 

110 

0 

000 

110 

001 

100 

000 

0 

000 

111 

111 

01 1 

111 

0 

011 

111 

111 

000 

000 

0 

000 

111 

111 

100 

000 

0 

000 

001 

000 

001 

000 

0 

000 

111 

111 

100 

001 

0 

000 

000 

000 

111 

101 

0 

000 

111 

111 

100 

010 

0 

000 

110 

001 

010 

000 

0 

000 

111 . 

111 

100 

Oil 

0 

100 

000 

000 

000 

000 

0 

000 

Ill 

111 

100 

100 

1 

000 

001 

001 

000 

010 

0 

000 

111 

111 

loo 

101 

0 

000 

111 

111 

111 

Oil 

0 

000 

111 

111 

100 

110 

0 

000 

001 

000 

000 

000 

0 

000 

111 

111 

100 

111 

0 

000 

111 

111 

100 

100 

0 

000 

111 

111 

101 

000 

1 

000 

001 

100 

000 

010 

0 

000 

111 

111 

101 

001 

0 

000 

111 

111 

101 

100 

0 

000 

111 

111 

101 

010 

0 

000 

001 

000 

000 

000 

0 

000 

111 

111 

101 

Oil 

0 

000 

111 

111 

101 

000 

0 

000 

111 

111 

101 

100 

0 

000 

110 

000 

001 

000 

0 

000 

111 

111 

101 

101 

1 

111 

111 

111 

001 

001 

0 

000 

111 

111 

101 

110 

0 

000 

110 

000 

010 

000 

0 

000 

111 

111 

101 

111 

0 

010 

on 

101 

110 

101 

0 

000 

111 

111 

110 

000 

0 

000 

101 

Oil 

010 

010 

0 

000 

111 

111 

110 

001 

0 

000 

001 

000 

010 

000 

0 

000 

111 

111 

110 

010 

0 

000 

111 

111 

110 

101 

0 

000 

111 

111 

110 

Oil 

0 

000 

001 

000 

000 

000 

0 

000 

111 

111 

110 

100 

0 

000 

111 

111 

110 

000 

0 

000 

111 

111 

110 

101 

0 

000 

101 

001 

001 

001 

0 

000 

111 

111 

110 

110 

0 

000 

001 

000 

000 

100 

0 

000 

111 

111 

110 

111 

0 

000 

111 

ill 

101 

110 

0 

000 

111 

111 

111 

000 

1 

000 

000 

001 

000 

010 

0 

000 

111 

111 

111 

001 

0 

000 

110 

000 

Oil 

000 

0 

000 

111 

111 

111 

010 

0 

000 

000 

000 

111 

100 

0 

000 

111 

111 

111 

Oil 

1 

000 

010 

110 

010 

010 

0 

000 

111 

111 

111 

100 

0 

110 

101 

000 

000 

000 

0 

000 

111 

111 

111 

101 

0 

000 

101 

001 

100 

100 

0 

000 

Hi 

111 

111 

110 

0 

000 

001 

000 

000 

000 

0 

000 

111 

111 

111 

111 

0 

000 

111 

111 

Oil 

101 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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TableB-3. Disc-to-core bootstrap loader for prompt effects. 


Address 


Program word 


000 

111 

111 

Oil 

101 

000 

111 

111 

Oil 

no 

000 

111 

111 

Oil 

111 

000 

111 

111 

100 

000 

000 

111 

111 

100 

001 

000 

111 

111 

100 

010 

000 

111 

111 

100 

Oil 

000 

111 

111 

100 

100 

000 

111 

111 

100 

101 

000 

111 

111 

100 

no 

000 

111 

111 

100 

111 

000 

111 

111 

101 

000 

000 

111 

111 

101 

001 

000 

111 

111 

101 

010 

000 

111 

111 

101 

011 

000 

111 

111 

101 

100 

000 

111 

111 

101 

101 

000 

111 

111 

101 

no 

000 

111 

111 

101 

111 

000 

111 

111 

110 

000 

000 

111 

111 

110 

001 

000 

111 

111 

110 

010 

000 

111 

111 

110 

on 

000 

111 

111 

110 

100 

000 

111 

111 

110 

101 

000 

111 

111 

110 

no 

000 

111 

111 

no 

111 

000 

111 

111 

111 

000 

000 

111 

111 

111 

001 

000 

111 

111 

111 

010 

000 

111 

111 

111 

Oil 

000 

111 

111 

111 

100 

000 

111 

111 

111 

101 

000 

111 

111 

111 

no 

000 

111 

111 

111 

ill 



1 

000 

01 1 

001 

100 

0)0 

0 

000 

110 

001 

100 

000 

0 

Oil 

111 

111 

000 

000 

0 

000 

001 

000 

001 

000 

0 

000 

000 

000 

111 

101 

0 

000 

no 

001 

010 

000 

0 

100 

000 

000 

000 

000 

1 

000 

001 

001 

000 

010 

0 

000 

111 

111 

111 

Oil 

0 

000 

001 

000 

000 

000 

0 

000 

111 

111 

100 

100 

1 

000 

001 

100 

000 

010 

0 

000 

111 

111 

101 

100 

0 

000 

001 

000 

000 

000 

0 

000 

111 

111 

101 

000 

0 

000 

no 

000 

001 

000 

1 

111 

111 

111 

001 

001 

0 

000 

no 

000 

010 

000 

0 

010 

on 

101 

1 10 

101 

0 

000 

101 

Oil 

010 

010 

0 

000 

001 

000 

010 

000 

0 

000 

111 

111 

110 

101 

0 

000 

001 

000 

000 

000 

0 

000 

111 

111 

no 

000 

0 

000 

101 

001 

001 

001 

0 

000 

001 

000 

000 

100 

0 

000 

111 

111 

101 

no 

1 

000 

000 

010 

000 

010 

0 

000 

no 

000 

on 

000 

0 

000 

000 

ooc 

111 

100 

1 

000 

010 

no 

010 

010 

0 

no 

101 

000 

000 

000 

0 

000 

101 

001 

100 

100 

0 

000 

001 

000 

000 

000 

0 

000 

111 

111 

on 

101 
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Appendix C 

Tape-to-Core Bootstrap 


The tape-to-core bootstrap is used to lead the fallout or prompt effects load 
function from tape (for loading the system from tape) or the disc diagnostic routine 
(see UCRL-50892, Vol. 4, Part 1). This bootstrap can be loaded from the computer 
console through switches on the front panel. Procedures for doing this are outlined 
in the operator's manual (UCRL-50092, Vol. 2) and in Ref. 1. 


Address (binary) 


0 

000 

111 

111 

Oil 

101 

0 

000 

111 

111 

Oil 

110 

0 

000 

111 

111 

Oil 

111 

0 

000 

111 

111 

100 

000 

0 

000 

111 

111 

100 

001 

0 

000 

111 

111 

100 

010 

0 

000 

111 

111 

100 

Oil 

0 

000 

111 

111 

100 

100 

0 

000 

111 

111 

100 

101 

0 

000 

111 

111 

100 

110 

0 

000 

111 

111 

100 

111 

0 

000 

111 

111 

101 

000 

0 

000 

111 

111 

101 

001 

0 

000 

111 

111 

101 

010 

0 

000 

111 

111 

101 

Oil 

0 

000 

111 

111 

101 

100 



Program word 


1 

000 

010 

101 

000 

Oil 

0 

000 

100 

010 

101 

000 

0 

000 

001 

000 

000 

100 

0 

000 

000 

000 

000 

000 

0 

000 

100 

010 

000 

001 

0 

000 

100 

010 

100 

001 

0 

000 

100 

100 

100 

110 

0 

000 

001 

000 

001 

000 

0 

000 

111 

111 

101 

001 

0 

110 

101 

000 

000 

000 

0 

000 

101 

001 

100 

100 

0 

000 

101 

001 

000 

010 

1 

000 

001 

010 

000 

001 

0 

000 

111 

111 

Oil 

101 

0 

000 

001 

000 

000 

000 

0 

000 

111 

111 

101 

001 
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Appendix D 

Disc-to-Core Bootstrap for Fallout 


This bootstrap is used to load the Fallout Load Function from disc (for loading the 
system from disc). This bootstrap can be loaded from the computer console through 
switches on the front panel. Procedures for doing this are outlined in the operators 
manual (UCRL-50892, Vol. 2) and in Ref. 2. 


0 

000 

Address (binary) 

111 111 

on 

101 

i 

000 

Program word 

on ooi ioo 

010 

0 

000 

111 

m 

Oil 

no 

0 

000 

no 

001 

100 

000 

0 

000 

111 

in 

Oil 

in 

0 

on 

111 

111 

000 

000 

0 

000 

111 

in 

100 

000 

0 

000 

001 

000 

001 

000 

0 

000 

111 

in 

100 

001 

0 

000 

000 

000 

111 

101 

0 

000 

111 

in 

100 

010 

0 

000 

no 

001 

010 

000 

0 

000 

111 

in 

100 

on 

0 

100 

000 

000 

000 

000 

0 

000 

111 

in 

100 

100 

1 

000 

001 

001 

000 

010 

0 

000 

111 

in 

100 

101 

0 

000 

111 

111 

111 

on 

0 

000 

111 

in 

100 

no 

0 

000 

001 

000 

000 

000 

0 

000 

111 

in 

100 

in 

0 

000 

111 

111 

100 

100 

0 

000 

111 

in 

101 

000 

1 

000 

001 

100 

000 

010 

0 

000 

111 

in 

101 

001 

0 

000 

111 

111 

101 

100 

0 

000 

111 

in 

101 

010 

0 

000 

001 

000 

000 

000 

0 

000 

111 

in 

101 

011 

0 

000 

111 

111 

101 

000 

0 

000 

111 

m 

101 

100 

0 

000 

no 

000 

001 

000 

0 

000 

111 

m 

101 

101 

1 

111 

111 

111 

001 

001 

0 

000 

111 

in 

101 

no 

0 

000 

no 

000 

010 

000 

0 

000 

111 

in 

101 

in 

0 

010 

011 

101 

110 

101 

0 

000 

111 

in 

110 

000 

0 

000 

101 

on 

010 

010 

0 

000 

111 

in 

110 

001 

0 

000 

001 

000 

010 

000 

0 

000 

111 

in 

110 

010 

0 

000 

111 

111 

no 

101 

0 

000 

111 

in 

110 

on 

0 

000 

001 

000 

000 

000 

0 

000 

111 

in 

no 

100 

0 

000 

111 

111 

no 

000 

0 

000 

111 

in 

no 

101 

0 

000 

101 

001 

001 

001 

0 

000 

111 

in 

no 

no 

0 

000 

001 

000 

000 

100 

0 

000 

111 

in 

no 

in 

0 

000 

ill 

111 

101 

no 

0 

000 

ill 

in 

ni 

000 

1 

000 

000 

001 

000 

010 

0 

000 

111 

ill 

in 

001 

0 

000 

no 

000 

on 

000 

0 

000 

111 

m 

in 

010 

0 

000 

000 

000 

111 

100 

0 

000 

111 

in 

in 

on 

1 

000 

010 

no 

010 

010 

0 

000 

n i 

n l 

in 

100 

0 

no 

101 

000 

000 

000 

0 

000 

in 

in 

in 

101 

0 

000 

101 

001 

100 

100 

0 

000 

m 

in 

in 

no 

0 

000 

001 

000 

000 

oao 

0 

000 

in 

in 

in 

in 

0 

000 

111 

111 

on 

108 
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Appendix E 


Input/Output Computer Words for Fallout 

The appendix contains a list of the input/output words of the fallout program. See 
UCRL-50892, Vol. 4, Part 1 for a complete description of the input/output commands 
used to transfer these words to and from the computer. 


INPUT WORDS (n)2 Interface 


W 

O 

R 

D 


Bit 


12 

13 

14 

15 
0 
1 
2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 



0 

N- 






1 

S- 


> Joystick Direction, response on a SEN 022 Instruction 


2 

E- 




(0=Active) (PANEL) 

w 

3 

W- 





0 

4 

Vernier + (0=slow) (PANEL) 

R 

5 

0.3 

1 

3 

“N 


D 

6 

1 

3 

10 




7 

3 

10 

30 


) (d) Rad Level Selector (one-out-of-nine code, 

continued on word 6) (0=Active) (PANEL) 

0 

8 

10 

30 

100 



9 

30 

100 

300 




10 

100 

300 

IK 

J 



11 

— 



1 



Momentary Switches, response on a SEN 012 
Instruction (1=Active) (PANEL) 


Enter Ground Zero 
Resume 
Halt 
Start 
LSB 

l 

(c) Activity Constant Index (1= Active) (Rear Panel) 


Mode (0-Mode I) (PANEL) 

(n) Decay Exponent Index (l=Active) (Rear Panel) 


LSB ^ 

0.185 •> 
0.413 
0.740 
1.650 
3.391 
7.563 


> Map Scale (one-out-of-eight code) (0=Active) (PANEL) 


(h) Ground/Air Burst (0=air) (WEDS) 
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w 

o 

R 

D 


W 

o 

R 

D 


0 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 
Bit 
0 

1 

2 

3 __ 

4 

5 

6 

7 

8 
9 


LSB+ 


/Drum Memory Buffer (Controller) (1=Active) 


LSB 


LSB 


BCD Character 
Least Significant 

DECIMAL POSITION 

BCD Character 


> Time Period (PANEL) 


LSB 


10 


11 


12 

2K ''j 

13 

4K 1 

14 

5K 

15 

6.56K 

J 


BCD Character 


(a) Wind Band Dept (one-out-of- 

four code) (Console Wind Panel) 
(0=Active) 


l=Active) 



w 

o 

R 

D 


W 

o 

R 

D 


0 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 
Bit 
0 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 


LSB 


LSB 
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’ BCD Character 
Least Significant 


>BCD Character 


3 , 736,411 


50 


} Display Time Delay (Rear Panel) 
(l=Active) 


LSB 


\ (w) Yield Characteristic 
' 6 bit shift code 

(WEDS) 


- (not available) 


Bit 

9-1000000 
10 - 1 1 0 0 0 0 0 
1 


11 - 1 1 
12 - 1 1 1 

13 - 1 1 1 

14 - 1 


0 0 0 0 
10 0 0 
110 0 


1 TON- 
10 TONS 
100 TONS 


i : 

1 j 

i 1 

i i 

L 1 
[ 



1 



Bit Code 


- 1 , 000,000 

- 100,000 

- 10,000 

- 1,000 


LSB 


LSB 


BCD Character 
Least Significant 


BCD Character 


> (F) Fission Yield/Total Yield Ratio 
(FY/TY) (1= Active) 


LSB 


LSB 


i BCD Character 


(j) Particle Size Distribution 
Index (i = Active) (Rear Panel) 


- (not available) 
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51 52 

o 

1 

2 

W 3 
O 4 
R 5 
D 6 
7 

6 8 
9 


10 





11 





12 

300 

IK 

3K ' 


13 

IK 

3K 

10K 

) (d) Pad Level Selector (one-out-of-nine code 

14 

10 

300 

3K 

j continued on word 0) (PANEL) (0=Active) 

15 

- 

(not available) 



Hit 

0 

1 

2 

3 

W 4 

O 5 

R 6 

D 7 

8 

7 9 


10 


Bit 


11 

12 

13 

14 

15 


LSB 


’(Z^) Height of Burst (HOB) 
Characteristic 3 bit 
shift code (WEDS) 

- (not available) 


12 

13 

14 


10 0 0 
110 0 
1110 


) Bit Code 

1,000 

100 

10 

1 
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INPUT WORDS (n)3 Interface 


Bit 


0 LSB 


1 

2 

3 

W 4 

O 5 

R 6 

D 7 

8 

1 9' 

10 
11 
12 

13 

14 


BCD Character 
Least Significant 


LSB 


BCD Character 


LSB 


i BCD Character 
Most Significant 


15 Enable 


Bit 


0 

1 

2 

3 

W 4 

O 5 

R 6 

D 7 

8 

2 9 

10 
11 
12 

13 

14 

15 


LSB 


LSB 


BCD Character 
Least Significant 


BCD Character 


LSB 


BCD Character 
lyiost Significant 


Enable 





\ Direction (6) and speed (a) of wind 
[ band groups 1,6,11,16 






\ Direction ( 0 ) and speed (a) of wind 
( band groups 2,7,12,17 
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o 

1 

2 
3 

W 4 

O 5 

R 6 

D 7 

8 

3 9 

10 
11 
12 

13 

14 

15 


LSB 


BCD Character 
Least Significant 


LSB 


BCD Character 


/ BCD Character 
j Most Significant 


Enable 


Bit 


0 

1 

2 

3 

W 4 

O 5 

R 6 

D 7 

8 

4 9 

10 
11 
12 

13 

14 


LSB 


BCD Character 
Least Significant 


LSB 


BCD Character 


LSB 


1 BCD Character 
Most Significant 


15 Enable 





) Direction (9) and speed (a) of wind 
band groups 3,8,13,18 



> Direction (9) and speed (a ) of wind 
band groups 4,9,14,19 


J 
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0 

1 

2 
3 

W 4 

O 5 

R 6 

D 7 

8 

5 9 

10 

11 

12 

13 

14 

15 


LSB 


LSB 


BCD Character 
Least Significant 


i BCD Character 


LSB 


BCD Character 
Most Significant 


Enable 




) Direction (0) and speed (o) of wind 
[ band groups 5,10,15,20 


J 


W 

o 

R 

D 

0 


Bit 



INPUT WORDS (n)4 Interface 


BCD Character 
Least Significant 

DECIMAL POSITION 

BCD Character > (W) Yield Characters 

! (1 = Active) 


BCD Character 
Most Significant 


J 
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Bit 

0 

1 

W 2 

O 3 

R 4 " 

D 5 

6 

1 7 

8 
9 

10 

11 

12 

13 

14 

15 


BCD Character 
Least Significant 


DECIMAL POSITION 


BCD Character 


BCD Character 
Most Significant 


) (Zq) Height of Burst (HOB) 

S Characters (1 = Active) 


Bit 

0 

1 

W 2 

O 3 

R 4 

D 5 

6 

3 7 

8 
9 

10 

11 

12 

13 

14 

15 


INPUT WORDS (n)5 Interface 


PROMPT/FALLOUT 



”l" « Prompt, 


" 0 " 


= Fallout 
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OUTPUT WORDS (n)2 Interface 


W 

O 

R 

D 


W 

o 

R 

D 


Bit 

0 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 
0 
1 
2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 


Start 

Halt 

Resume 

Enter Ground Zero 


Lamps for Momentary Switches 


“ > (Not available) 


Air Burst 

Map Area Too Small 
Air Burst 
Yield Too Small 
Wind Speed Too Great 
HOB Adj. Factor too Small 
Map Area too Small 
Map Area too Large 
Wind Direction 
Wind Speed 
Other 

Disc Program Field Error 


} 


Function A 
Error 


Function B 
Error 


\ Error Indicators (PANEL) 


Input Error 


:} 


(Not available) 



63 


3 , 736,411 


64 


Pit 

0 LSB 'N 
1 

W 2 


O 3 

R 4 

D 5 

6 

2 7 
8 
9 

10 

11 

12 

13 

14 

15 
0 
1 
2 

W 3 

O 4 

R 5 

D 6 

7 

3 8 


> Drum Memory Buffer (Controller) 


MSB J 

Variable Disp., Keyhold, Readout Pt., Grd. Zero 
Variable Display 
Variable Display (MSB) 

- 'N 


l (Not available) 


10 

11 

12 

13 

14 

15 - J 


Drum Display 
Buffer (Control 
ler) 



w 

o 

R 

D 

4 


3 , 736,411 

65 66 

Bit 

0 LSB N 
1 
2 
3 


5 

6 

7 

8 
9 


Drum Address Buffer (Controller) 


10 

11 

12 

13 MSB y 


W 

O 

R 

D 

5 


14 

15 
0 
1 

2 

3 


4 

5 

6 
7 


LSB 


(Not available) 


BCD Character 
Least Significant 

-DECIMAL POSITION 


LSB 


BCD Character 


8 LSB 

9 

10 

11 


BCD Character 
Most Significant 


12 

13 

14 

15 


Not available 


/ Time Readout (Numerical Display) 




vv 

o 

R 

D 


W 

O 

R 

D 


Bit 

0 

1 

2 

3 

4 . 

5 

6 

7 ^ 

8 


10 

11 

12 

13 

14 

15 
0 
1 
2 

3 

4 

5 

6 
7 


8 


10 

11 

12 

13 

14 

15 


LSB 


LSB 


LSB 


LSB 
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BCD Character 
Least Significant 


BCD Character 
DECIMAL POSITION 
BCD Character 


BCD Character 
Characteristics 


BCD Character 
Least Significant 


1 BCD Character 
-DECIMAL POSITION 
BCD Character 


BCD Character 
Characteristic 


. 3 , 736,411 


A 


f SSay)" Read ° Ut (Num --al 


J 

'i 


Accumulated Dose Readout 
(Numerical Display) 


J 


LSB 
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Although a particular embodiment of the invention 
has been illustrated and described, modifications and 
changes will become apparent to those skilled in the 
art, and it is intended to cover in the appended claims 
all such modifications and changes as come within the 
spirit and scope of the invention. 

I claim: 

1. A system for computing and displaying prompt and 
delayed effect of an explosive detonation with respect 
to a geographical area comprising: a computer means; 
control means operatively connected to said computer 
means through control logic circuit means; a circle gen¬ 
erator means for generating a prompt effects display; 
said control means being operatively connected to said 
circle generator means through circle logic circuit 
means; said computer means being connected to said 
circle logic circuit means so as to direct signals thereto 
and receive signals therefrom; said control means addi¬ 
tionally being connected to said computer means 
through interface logic circuit means for directing at 
least a pair of operational mode control signals to said 
computer means; a numerical readout means opera¬ 
tively connected to receive desired output signals from 
said computer means; a map projector means opera¬ 
tively connected to said computer means for receiving 
therefrom image-scale data for display of a map back¬ 
ground by said map projector means; a fallout projec¬ 
tion means operatively connected to said computer 
means and controlled thereby for projecting a fallout 
pattern as determined by said computer means; a 
screen means; said prompt effects, map background 
and fallout pattern being superimposed on said screen 
means, whereby a time varying display which illustrates 
prompt effects and fallout patterns of an explosive det¬ 
onation, which can be readily changed to illustrate de- 


70 

layed effects, is shown on a map surface, 

2. The system defined in claim 1, additionally includ¬ 
ing a disk memory means operatively connected to~sai4 
computer means to receive therefrom and direct 

5 thereto information signals. 

3. The system defined in claim 1, additionally includ¬ 
ing mirror means positioned between said screen 
means and each of said circle generator means, map 
projector means, and fallout projection means to assure 
proper superimposition on said screen means of said 
prompt effects, map background and fallout pattern. 

4. The system defined in claim 1, wherein said com¬ 
puter means is a digital computer. 

^ 5. The system defined in claim 1, wherein said pair 

3 of operational mode control signals direct said com¬ 
puter means to display through said projection cathode 
ray tube means a previously predicted fallout pattern of 
a detonation and a fallout pattern as determined by 
2 q current wind, gravity and pertinent physical character¬ 
istics of the detonation. 

6. The system defined in claim 1, wherein said fallout 
projection means is a projection cathode ray tube. 

7. The system defined in claim 1, wherein said con- 
25 trol means includes numerous actuators, selectors, 

push-button and switch means positioned on a control 
panel; and wherein said numerical readout means and 
said screen means are positioned adjacent said control 
panel; the map background, fallout pattern, and 
30 prompt effects shown as concentric circles being super¬ 
imposed on one side of said screen means in such a 
manner that same are viewed from the other side 
thereof. 

35 * * * * * 
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